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Fig. 1 '"H-NMR spectrum of BIDP

1.3 PE- PDDA/BTDP ,

1.3.1 PE PE
Cr0,/H,0/H,S0, PE-COOH " .
1.3.2 PE- PDDA/BTDP ,
PE-COOH 2x 1077 mol/l.  PDDA
30 min 3
pH=9 5x107° mol/L.  BTDP
30 min PE-

PDDA/BTDP |

PE- PDDA/BTDP ,
1.3.3 PE- PDDA/BTDP-M**

PE-COOH 2% 107 mol/L
PDDA 30 min
3 pH=9 5% 107" mol/L
BTDP 30 min
PE- PDDA/BTDP ,
NiSO,  CuSO, 20 h

1.4 PDDA/BTDP-M**
2 g BIDP 20%
4 g 20% PDDA

50°C

0.5¢ 50 mL. DMSO
50°C
24 h
50°C 24 h.
1.5
KBr

BRUKER VECTOR 22 "H-NMR
BRUKER AVANCE AMX2400
UV 23150 -
PPMS29T QUANTUM
2~300 K

-4x10° A/m~4x 10° A/m.

DESIGN

2

2.1 PE- PDDA/BTDP ,

PDDA BTDP
.BTDP
UV-Vis .2
a PE- PDDA/BTDP ,
UV-Vis
UV-Vis 413 nm
BTDP

2a



2008

64
BTDP N 400 nm . N
a 3. 2
b PE- PDDA/BTDP-Ni** N UV-Vis Cu*t
413 nm
0.07f a 20-040 . 0.06 b
£ 0.030
0.06 s
2 0020 0.05
0.05 < 0010 ;
8 1.0 20 3.0 4.0 g 0.04
g 0.04 Wavelength (nm) =1
) K=
5 5 0.03
2z 0.03 8
< < 0.02 PE-PDDA/BTBP
0.02 P
001k PE-PDDA/BTBP-Ni
0.01 ’
0.00 I I I T — 0.00 | L L L L L
200 300 400 500 600 700 300 400 500 600 700
Wavelength (nm)

Wavelength (nm)

Fig. 2 UV-Vis absorption spectra of the following multilayered films on PE substate

a PE- PDDA/BTDP , bilayers with different numbers. Shown in the insert are the plots of the absorbance at 413 nm versus the number of PDDA/

BTDP bilayer b PE-PDDA/BTDP and PE-PDDA/BTDP-Ni**

Fig. 3 Simplified schematic representation of the first eight steps in
assembling the multilayered film PE- PDDA/BTDP-M?* ,  including

possible structure in the film M?* = Ni2*  Cu®*
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Fig. 4 IR spectrum of PE PE-COOH PE- PDDA/BTDP ,5
PE- PDDA/BTDP-Ni?* 55 and PE- PDDA/BTDP-Cu’* 55
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Fig. 5 Temperature dependence of yT and reciprocal magnetic

susceptibility y ™' as a function of temperature T

for the

oxidized polyethylene PE-COOH film at an applied field magnetic

filed of 2.39 x 10° A/m
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b Reciprocal susceptibility ¥ ™" versus

temperature T for the PDDA/BTDP-Ni2* deposit complexes and the multilayered film PE- PDDA/BTDP-Ni?* 55  the straight line is a fit to the Curie-

Weiss law
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Ni** M,=2.6 emu/g
6 d S M, 0.0049 emu/g  0.0035
2+
PE- PDDA/BTDP- Ni™* ,5  —4000 A/m ~ 4000 emu/g H, 2228 17 A/m
A/m -1 4 2307.75 A/m.
PE- PDDA/BTDP-Ni* i
M, =5.3 emu/g PDDA/BTDP-
Table 1 Magnetic properties of multilayer films and deposit complexes
Conpl Relative saturation magnetization at Remanence magnetization at ~ Coercivity at 4 K Curie-Weiss temperature
ompes 4K emu/g 4K emu/g A/m K
PE- PDDA/BTDP-N?* 55 5.30 0. 0049 2228.17 128
PDDA/BTDP-Ni** 2.60 0. 0035 2307.75 - 10
PE- PDDA/BTDP-Ci?* 55 1.58 0.0005 725.46 70
PDDA/BTDP-Cu?* 1.03 0.0066 6366.20 - 145
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Fig. 7 a Magnetization M versus temperature for PE- PDDA/BTDP-Cu?* 55 and PDDA/BTDP-Cu?* b Reciprocal susceptibility y ~' versus
temperature T for the PDDA/BTDP-Cu?* deposit complexes and the multilayered film PE- PDDA/BTDP-Cu®* 55 the straight line is a fit to the Curie-
Weiss law ¢ Product magnetic susceptibility and temperature T for PDDA/BTDP-Cu** deposit complexes and the multilayered film PE- PDDA/
BTDP-Cu®* 5 d Hysteresis loop at T =4 K for the PDDA/BTDP-Cu®* deposit complexes and the multilayered film PE- PDDA/BTDP-Ci?* s
Inset expanded view of the region from —2000 A/m to 2000 A/m of multilayered film PE- PDDA/BTDP-Cu®* 5
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STUDIES ON PREPARATION AND MAGNETIC PROPERTIES OF
SELF-ASSEMBLED MULTILAYER FILMS
CONTAINING BITHIAZOLE RINGS

XU Leijie LIN Weihong SUN Weilin SHEN Zhiquan
Department of Polymer Science and Engineering  Zhejiang University ~Hangzhou 310027

Abstract  Organic magnetism is a rapidly developing field that combines the skills of experimental and theoretical
scientists in many areas of chemistry and physics. Compared with inorganic ferromagnet the organic ferromagnet
exhibits the characteristics of structural diversities low density and readily processing. In addition layer-by-layer
LBL  assembled multilayered films have received considerable interest because they allow fabrication of
supramolecules with tailored architecture and properties. The design and preparation of organic soft ferromagnets by
self-assembling is reported in this article.4 4'- 4 4'-Bithiazole-2 2’-diylbis diazene-2 1-diyl diphenol BTDP
was first synthesized from phenol and 2 2’'-diamino-4 4'-bithiazole DABT and the structure of BTDP was
characterized by 'H-NMR. The hydroxyls of the BTDP provide anions while the poly diallydimethylammonium
chloride ~ PDDA  provides cations so the layer-by-layer self-assembling of BTDP with PDDA was carried out based
on the electrostatic interaction on the polyethylene PE  surface with carboxylic acid groups —COOH . BTDP
coordinates with transition metal ions since two nitrogen atoms in the thiazole rings and metal ions can provide stable

five-member rings. Therefore the complexes of assembled multilayer films PE- PDDA/BTDP-M**

were also

n
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prepared via layer-by-layer assembly. The assembling process was monitored by UV-Vis spectroscopy. The linear
increase of the absorbance at 413 nm with increasing the layer number indicates a process of uniform assembling.
The structure of the complexes was characterized by FTIR which suggests that the chelation has taken place
demonstrated by the shift of the characteristic absorption band. In addition the BTDP and PDDA deposition obtained
by mixing their solutions could react with transition metal ions to form their metal complexes which was also
characterized by FTIR. The magnetic properties of these complexes were measured using a Physical Property
Measurement System PPMS-9  which included magnetization versus temperature magnetization versus applied
field magnetic susceptibility versus temperature and magnetic hysteresis. The temperature is ranged from 4 to 300 K

and the intensity of magnetic field is in the range of —4 x 10° ~ 4 x 10° A/m. It was found that these complexes
were organic soft magnets and had typical’ S” shaped magnetic hysteresis loops. The saturation magnetization of the
complex of assembled multilayer film PE- PDDA/BTDP-Ni** , is 5.30 emu/g and the paramagnetic Curie
temperature is 128 K while the remanence magnetization and coercivity are 0.0049 emu/g and 2228.17 A/m

respectively . The results show that PE- PDDA/BTDP-Ni**  is an organic soft ferromagnet at low temperatures . The
magnetic properties of the multilayer film for PE- PDDA/BTDP-Cu’* s is similar with those for PE- PDDA/BTDP-
Ni** 5. The saturation magnetization of deposit complex PDDA/BTDP-Cu’* is 2.60 emu/g and the paramagnetic
Curie temperature is — 10 K while the remanence magnetization and coercivity are 0.0035 emu/g and 2307.75
A/m respectively. The results show that PE- PDDA/BTDP-Cu’* , is an organic soft antiferromagnet at low
temperatures . The magnetic properties of deposition for PDDA/BTDP-Cu’* are similar with those for PDDA/BTDP-
Ni** . In comparison it was proved that the magnetic properties of multilayer self-assembled films were much better
than those of deposited complexes. The strong ferromagnetism of the multilayered film may arise from the exchange
interaction of the transition metal ions in the ligands which show a well-ordered 3-D network structure.

Keywords 2 2'-Diamino-4 4'-bithiazole Self-assemble Metal complexes Magnetic property





